Objective: The purpose of this study was to examine ethnic differences among non-Hispanic black and white births in the distribution of maternal risk factors of infant mortality across specific causes of death.
Introduction
In recent years, the infant mortality rate in the black population in the United States has been more than twice the national average (6.9 per 1000 live births) and nearly 2.5 times higher than the rate among white and Hispanic infants. 1 Specifically, they have higher mortality rates associated with short gestation and low birth weight (LBW; short gestation/LBW), sudden infant death syndrome (SIDS) and maternal complications. 2 The Healthy People 2010 goal is to reduce the overall infant mortality rate and eliminate disparities among ethnic groups. Numerous public health campaigns, 3 improvements in prenatal care 4, 5 and medical advances 6 have played an important role in lowering mortality rates in the United States. Despite these improvements, differences in black and white infant mortality continue to exist, and in large they are poorly understood.
Monitoring infant mortality trends for all ethnic groups is essential as it can provide new information which may lead to the development of effective prevention programs. 7 Particularly, in studying the gap in black and white infant mortality, one must consider changes that occur in the risk profile and demographic characteristics of women of childbearing age. 8 In addition, identifying at-risk infants requires knowledge of how certain demographic and behavioral risk factors affect infant mortality for specific causes of death among black and white women. Understanding patterns of causes of infant deaths in conjunction with behaviors, lifestyles and conditions such as substance abuse, smoking, poor nutrition, medical problems and lack of prenatal care is important in delivering improved health services where needed.
The purpose of this study is to examine ethnic differences among non-Hispanic black and white births in the distribution of risk factors of infant mortality across specific causes of death. A large linked birth/infant death file from 1989 to 1997 is being utilized to compare cause-specific infant mortality rates between these two ethnic groups, and to examine how demographic and behavioral variables influence infant mortality for a specific cause of death. The causes of infant mortality considered in this study include congenital malformations, short gestation/LBW, SIDS, infections and obstetric conditions.
Methods
The data were obtained from the North Carolina linked birth/infant death files from 1989 to 1997, as provided by the North Carolina Center for Health Statistics. In a linked birth/infant death file, birth certificate information on members of the birth cohort who died in the first year was linked to that infant's death certificate. Therefore, each record in the resulting linked birth/infant death file is composed of data from the two vital records filed on that individual. The study population for the 1989 to 1997 period consisted of 2575 non-Hispanic black and 2699 white linked birth/ infant death records, and 231 960 non-Hispanic black and 573 924 white infants who survived. All of these records included live-born singleton births.
The outcome variable was cause of death and included infant deaths (defined as death between 0 and 364 days) due to congenital anomalies, short gestation/LBW, SIDS, infections and obstetric conditions classified according to the international classification of diseases, ninth revision (ICD-9). 9 The following maternal characteristics were considered as risk factors: mother's age (<20, 20 to 34 and >34 years old), maternal education (<12, 12 and >12 years of education), marital status (married, not married), Medicaid (yes, no), prenatal care (inadequate defined as started after first trimester or none, adequate defined as prenatal care started in the first trimester), parity (none, 1 to 3 and at least 4), previous live births now dead (at least one, none) and tobacco use (yes or no). Maternal race/ethnicity was classified as nonHispanic white and black. This was based on mother's self-reported data derived from birth certificates. The categorization of these variables was based on previous research that has identified them as potential risk factors for adverse birth outcomes. 10 The ICD-9 classification of causes of death was considered since the linked birth/death data were recorded between the years of 1989 and 1997. The composition of each cause of death was as follows: (1) deaths from congenital anomalies (ICD-9 codes 749 to 759); (2) deaths due to short gestation/LBW conditions (ICD-9 code 765); (3) SIDS related deaths (ICD-9 code 798); (4) deaths due to infections (ICD-9 codes 0 to 139, 320.0, 0.1, 0.2, 0.8, 0.9, 322.9, 460 to 466, 480 to 487; 490, 760.1, 0.2, 0.8, 762.7, 771.8) and (5) deaths associated with maternal obstetric conditions (ICD-9 codes 761.0, 0.1, 0.5, 762.0, 0.1, 0.2). These causes of death were selected, as they comprise some of the leading causes of infant mortality among black and white births.
Five binary logistic regression models were constructed, based on the five causes of death. Infant deaths across specific causes of mortality were compared to those who survived. The analyses were conducted separately for the two ethnic groups. The logistic regression analysis was performed using SPSS 13.0.
Results
Infants born to black women had the highest rates for all causes of death in comparison to those born to white women (Table 1) . Specifically, the number of deaths due to short gestation/LBW was the highest in black population (5.39 per 1000 live births) followed by congenital anomalies (2.06 per 1000 live births) and SIDS (1.55 per 1000 live births). In white women, the highest rate of death among infants was observed for congenital anomalies (1.67 per 1000 live births) and short gestation/LBW (1.34 per 1000 live births).
In this study, several risk factors across the five causes of infant mortality were similar for both ethnic groups (Tables 2-6 ). Specifically, older (X35) black and white women had an increased risk of an infant death due to congenital anomalies and short gestation/LBW in comparison to those between the ages of 20 and 34 years. Having at least one prior live birth now dead was also associated with congenital anomalies, obstetric conditions and short gestation/LBW related deaths in both ethnic groups. The odds of infant death due to these causes, however, were higher for black mothers.
Furthermore, both black and white women who were not married were more likely to have an infant whose death was attributed to infections, short gestation/LBW and obstetric conditions. Infants born to primiparous women had higher odds of dying from short gestation/LBW and a decreased risk of SIDS. In both groups, SIDS related deaths were associated with lower educational levels (less than high school). Maternal smoking increased the risk of an infant death caused by short gestation/ LBW, SIDS and infections. Finally, black and white women with inadequate care were more likely to have infants dying from SIDS.
A number of differences between these two groups of women were observed for all causes. Black women with inadequate care were 1.2 (95% CI: 1.10 to 1.49) times more likely to have an infant death caused by congenital anomalies compared to black women with adequate prenatal care. White women, on the other hand, were more likely to experience an infant death due to congenital anomalies or short gestation/LBW if they had low educational levels (high school or less) in comparison to white women with higher levels of education. White women enrolled in Medicaid had also an increased risk (OR: 1.18; 95% CI: 1.08 to 1.37) of infant deaths due to short gestation/LBW when compared to those with no Medicaid. Younger black mothers (<20 years old) were less likely and environmental. 18 Understanding how such factors contribute to the widening of the black and white infant mortality gap, however, might be difficult to ascertain as certain risk factors for adverse birth outcomes may affect black and white women differently. 
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In this study, the author examines differentials in the risk distribution of certain sociodemographic and behavioral factors known to affect perinatal outcomes in both of these ethnic groups. Overall, the results of this study confirm previous findings, which indicate higher infant mortality rates among black mothers for congenital anomalies, SIDS and short gestation/LBW when compared to their white counterparts. 6, 21 The highest infant mortality rate in black population was attributed to short gestation/ LBW and congenital anomalies in white women. It is clear that reducing the gap between black and white infant mortality will require reductions in LBW and preterm deliveries in black population. It has been found that in black population there is an excess in neonatal deaths attributed to LBW while most of the deaths in postneonatal period occur in normal birth weight infants, and consequently suggested that it might be necessary to implement different types of interventions for these periods in order to effectively reduce mortality rates in black infants. 22 Furthermore, the results of this study show that a large number of risk factors were similar for both ethnic groups across the five causes of infant deaths, demonstrating their nondiscriminatory role in infant mortality. For instance, for both ethnic groups, an infant's likelihood of dying from SIDS was increased if a mother had a low level of education, had inadequate prenatal care and she smoked. These findings are consistent with other studies that have Ethnic differences in infant mortality P Kitsantas reported higher risk of SIDS related deaths in less educated women and mothers who smoked. 23, 24 The association of SIDS and inadequate prenatal care may be used as an indicator of several contextual factors such as a continuing parental negligence after birth toward infants' care, limited access to primary medical care and poverty. Having no previous births, however, was associated in both groups with a decreased risk of SIDS. This suggests that women with no other children present in the household may be more attentive to their infants' needs and health care in general. Future research should examine the relationship between family structure and infant family care.
Having at least one prior live birth now dead was associated with an increased risk of mortality due to congenital anomalies and short gestation/LBW in both groups. A prior child's death in a family may be an indicator of maternal unresolved psychological, health or behavioral related issues that can place a pregnant woman at a high risk of a poor pregnancy outcome. Several studies have found that mothers who became pregnant too soon after a perinatal loss may be experiencing unresolved grief which in turn could play a role in ineffective parenting for the subsequent child. 25, 26 Little is known, however, about the impact of a child's loss on pregnancy outcomes or parenting behaviors. More rigorous research is needed to explore the effects of perinatal loss and subsequent pregnancy outcomes across different ethnic groups.
Furthermore, in this study infant mortality caused by infections was associated with both black and white women who were not married. This is in agreement with previous findings which show infected women to be more likely unmarried and younger than noninfected women. 27 For instance, Martin et al. (1982) found stillbirth or neonatal death to occur 10 times more often among Chlamydia-infected women than among uninfected individuals. In this study, however, it is not possible to ascertain whether an infant death caused by infection was related to maternal infection.
Differences in the risk distribution of predictors of cause-specific infant mortality between the two groups were limited mainly to age, marital status and education. Specifically, young (<20 years of age) and single white mothers were more likely to experience a SIDS related infant death compared to their 20 to 34 year old and married counterparts. These associations indicate that prevention and intervention efforts toward decreasing SIDS deaths should particularly target single white women less than 20 years old.
In black mothers, however, younger age (<20 years old) was associated with a decreasing risk of infant death due to short gestation/LBW when compared to black women of ages between 20 and 34 years. Although teenage pregnancies have been associated with adverse birth outcomes, research findings indicate that there is an increasing risk of infant mortality with maternal age in black population. 28 This has been attributed to the general worsening of black women's health over their childbearing years. 28 Other studies have found black teenagers to face significantly lower risks of delivering LBW infants in comparison to black women aged 25 to 29 years. 29 Furthermore, lower educational levels in white mothers were associated with an increased risk of infant deaths caused by congenital anomalies and short gestation/LBW, while inadequate prenatal care increased significantly the odds of infant deaths due to congenital anomalies in black women. Vintileos et al. 30 found that black women with no prenatal care had 1.8-fold increase in infant mortality and it was 1.6-fold among white women. Further research is needed to explore the association between congenital anomalies and prenatal care in black women. In white mothers, Medicaid was associated with an increased risk of infant mortality due to LBW/short gestation. Although, expansions of Medicaid has led to significant improvements in prenatal care utilization, 31 the Ethnic differences in infant mortality P Kitsantas evidence is much weaker it that has led to improved birth outcomes. 32 Although in this study black population experiences higher rates of infant mortality for all causes examined, there were not large differences in the risk distribution of predictors used for causespecific risk assessment across the two ethnic groups. This indicates that there might be other factors than the ones examined in this study, which may contribute to the differences in the mortality rates between black and white infants. For instance, examining mothers' social support networks, poverty, violence, psychosocial stress and health behaviors may provide some insight in the etiology of these disparities in infant mortality. In particular, future research studies should direct their focus toward understanding the mothers' entire life course than just a snapshot of their life around their pregnancies as this may provide more accurate and concrete information about the causes that contribute to these disparities, which in turn can lead to the development of effective intervention and prevention programs.
There are some limitations, however, in using birth certificate data. Birth certificate data are not rigorously evaluated, although certain information has been found to be recorded with some accuracy. 33 The reliability and validity of birth certificate variables may vary considerably. For instance, birth weight, method of delivery and Apgar score are more reliable than prenatal care and maternal medical conditions. 34 Underreporting and numerical recording errors can also impact the quality of birth certificate data, while some information is self-reported which increases the likelihood of recall biases. Despite these limitations, this study provides evidence that maternal sociodemographic risk factors somewhat vary by infant cause of death and race/ethnicity. This suggests that race-specific approaches may be necessary to reduce infant mortality rates. The differences, however, in the risk distribution of factors across the two ethnic groups were limited to only a few factors indicating that the heterogeneity in the causespecific mortality rates may be due to unmeasured factors. Future research should continue to investigate differences between ethnic groups at socioeconomic and family levels along with genetic predisposition and environmental factors as they may help to further explain black and white infant mortality differentials and help focus prevention and intervention efforts.
